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wherein R 1 and R 2 are independently a hydrogen atom or a hydrocarbon residue which may be substituted; R 3 
is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; X 1 is a hydrogen atom, 
an acyl group, a lower alkoxy group or a hydrocarbon residue which may be substituted; X 2 is an acyl group or a 
carboxyl group which may be esterified or which may form an amide; with a proviso that when X 2 is a carboxyl 
group X 1 is not a hydrogen atom or acetyl group and that when both R 1 and R 2 are hydrogen atoms X 1 is not an 
acetyl group or 7 -glutamyl group, and salts thereof, show excellent hypotensive action, anti-arrhythmic action, 
anti-anginal action, cardiotonic action or coronary vasodilation, thus being useful as therapeutic or prophylactic 
agents for the cardiovascular diseases such as hypertension and angina pectoris. 
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NITROSOTHIOL DERIVATIVES, THEIR PRODUCTION AND USE 

BACKGROUND OF THE INVENTION 

This invention relates to novel S-nitrosothiol derivatives which are useful as medicines, especially as 
therapeutics for the cardiovascular diseases such as hypertension and angina pectoris. 

Along with aging of society, hypertension and heart diseases have become matters of primary concern, 
and various cardiovascular medicines have been developed for the treatment of such diseases. There are 
prior art documents disclosing the production of some nitro-compounds and nitrites among the medicines 
[Journal of Pharmacy and Pharmacology, 31 , 801 (1979)]. 

In the social circumstances described above, more reasonable agents are being required to be 
developed in the field of cardiovascular drugs, particularly antihypertensives and therapeutics for angina 
pectoris. However, satisfactory compounds have not yet been found. There have been no report so far for 
the application of S-nitrosothiol derivatives as therapeutics for angina pectoris. 

DETAILED DESCRIPTION 

As a result of the research to find out useful compounds as therapeutics for cardiovascular diseases, 
especially as anti-hypertensives and therapeutics for angina pectoris, the present inventors have found that 
the compounds represented by the formula (1): 



( i ) 

I 

wherein R 1 and R 2 represent respectively a hydrogen atom or a hydrocarbon residue which may be 
substituted; R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; X 1 is 
a hydrogen atom, an acyl group, a lower alkoxy group or a hydrocarbon residue which may be substituted; 
X 2 is an acyl group or a carboxyl group which may be esterified or form an amide; and when X 2 is a 
carboxyl group X 1 is not a hydrogen atom or acetyl group, and when both R 1 and R 2 are hydrogen atoms 
X 1 is not acetyl group or gamma-giutamyl group, and the salts thereof are excellent in alleviation of the 
cardiovascular diseases, and have completed the present invention. 

The "hydrocarbon residues" in the above-mentioned "hydrocarbon residues which may be substituted" 
in the formula (I) include, chain-, cyclic-, saturated-, and unsaturated-hydrocarbon residues, and various 
combinations thereof. Chain-hydrocarbon residues include straight chain and branched alkyl groups each 
having 1 to 6 carbon atoms (e.g. methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, tert-butyl, n-pcntyl, n- 
hexyl). 

Chain unsaturated hydrocarbon residues include straight chain and branched C2-*-alkenyl (e.g. vinyl, 
allyl, 2-butenyl), and C2-*-alkynyl (e.g. propargyl, 2-butynyl). 

Cyclic saturated hydrocarbon residues include monocyclic cycloalkyl having 3 to 7 carbon atoms (e.g. 
cyclobutyl, cyclopentyl, cyclohexyl), and bridged cyclic saturated hydrocarbon residues having 8 to 14 
carbon atoms (e.g. bicyclo[3,2,1 ]oct-2-yl, bicyclo[3,3,1 ]nonan-2-yl). Cyclic unsaturated hydrocarbon residues 
include phenyl and naphthyl groups. 

R 1 and R 2 may be bound with each other to form a ring of -(CH 2 ) n - wherein n is an integer of 2 to 6. 

Substituents for these hydrocarbon residues include halogen atoms (e.g. chlorine, bromine, and iodine 
atoms), nitro, nitrite, hydroxy!, carboxyl, Ci -*-alkoxy (e.g. methyloxy, ethyloxy, propyloxy, butyloxy, 
isopropyloxy), Ci -♦-alkylthio (e.g. methylthio, ethylthlo, propylthio, isopropylthio, butylthio), amino, mono- or 
di-Ci -4-aIkyI substituted amino (e.g. methylamino, ethylamino, propylamine dimethylamino, dielhylamino), 
mono- or di-aralkyl substituted amino (e.g. benzylamino, 2-hydroxyphenylmethylamino), mono-or di-pyridyl- 
carbonyl substituted amino (e.g. 3-pyridylcarbonylarnino), Ci-* alkoxycarbony! (e.g. methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, isobutoxycarbonyl), hydroxycarbonyl, Ci -s-alkylcarbonyl (e.g. methylcar- 
bonyl, ethylcarbonyl, butylcarbonyl), cycloCa-e-alkylcarbonyl (e.g. cyclopentylcarbonyl, cyclohexylcar- 
bonyl), carbamoyl, mono- or di-Ci -*-alkyl-substituted carbamoyl (e.g. methylcarbamoyl. ethylcarbamoyl, 
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propylcarbamoyl. buty.carbamoyl, diothylcarbamoyl, dibutylcarbamoyl). and phenyl, P^-V-. ^"Tclr 
phenoxycarbcnyl, pheny.C, - t -a,kylcarbamoyl (e.g. benzylcarbamoyl. phenethylca rbamoyl) and phenylcar 
bamoyl which may have 1 to 4 substituents [substituents in the respective phenyl W — C, _ -alky I 
group (e.g. methyl, ethyl, propyl, butyl, isopropy.), halogen atom (e.g. chlorine, bromine iodine atoms), 
hydroxyl, benzyloxy, amino, mono- or di-C, -.-alkyl-substituted ammo (e.g. methylam.no, ethylam.no. 
propylamino. dimethylamino, diethylamino, methylethylamino). nitro, C, -,-aIkoxycarbonyl (e.g. methoxycar- 
bonyl, ethoxycarbonyl, propoxycarbonyl)]. . 

The appropriate number of the substitutents in each of these hydrocarbon residues ,s 1 to 3. 
Acyl groups represented by R'. X', and X* include carboxylic acyl. carbamic acyl. sulfon.c acy and 
substituted oxycarboxylic acyl groups, all of which may be substituted. When an acyl group ,s substituted, 
the substituents include those for the hydrocarbon residues described above. 

Carboxylic acyl groups include C, - e alkylcarbonyl such as formyl. acetyl, propionyl, bulyryl. va eryl, 
hexanoyl isobutyryl. and isovaleryl (which may be substituted, for example, with amino. 3-carbamoyl-1 ,4- 
dfhydropyridin-l-y'a-carbamoyM-pyridyl, or phenoxy; substituted C, - s -alky Icarbony 1 groups are exempli- 
fied by phenoxyacetyl. 4-aminobutyryl. aminomethylcarbonyl, 2. ( 3-carbamoyl-1.4-d.hydropynd.n-1-yO- 
ethylcarbamoyl, and 2-(3-carbamoylpyridin-1 -yl)ethylcarbamoyl). C-.cycloalkylcarbony such as cyclopen- 
tylcarbonyl and cyclohexylcarbonyl. Cs-scycloalkyl-C, -salkylcarbonyl such as ^ cto ^^-^ 
- s alkenyl or alkynylcarbonyl such as acryloyl. crotoncyl, 2-pentenoyl, 4-pentynoyl, 2-hexenoy . 
and 2.4-hexadienoyl. ary, carbony. such as benzoyl, and naphthoyl, pyridylcarbony, such as nicot.oy I, and 
dihydropyridylcarbonyl [which may be substituted, for example, with C,-alky] (e g. methyl, ethyl propyl 
butyl), benzyl, methoxycarbonyl. 3-nitrophenyl. nitro, or 2-trifluorophenyl; subst.tuted d.hydropyr.dylcarbonyl 
groups are exemplified by N-C, _*alkyl-1 ,4-dihydrop y ndine-3-carbonyl (e.g. N-met, n yl-1.4-d,h y dropy nd.ne-3- 
carbonyl N-ethyl-1 ,4-dihydro P yridine-3-carbonyl, N-butyl-1 .4-dihydropyr.d.ne-3-carbonyl). N-benzyM .4- 
dfh5Srapyrile-3-ca bonyJ 2 Vdim e thyl-5-methoxycarbonyl-4-(3-nitro P henyl)-1 .4-dihydropyr,d,ne-3- y lca - 
bony, and S.e-dimethyli-nitro-^-trifluorophenyl-l ,4-dihydropyndine-3-ylcarbony. . 0" 
which the nitrogen in the pyridine ring is substituted, for example with C,-alkyl (e.g. methyl ethyl), or 
Snzy, and exemplified by cT -.alkylpyridinium-S-carbony, (e.g. methylpyrid.n,um-3-carbonyl, 
cthyIpyridinium-3-carbonyl, propylpyridinium-3-carbonyl), and benzylpyridinium-3-carbonyl). 

Carbamic acyl groups include carbamoyl, mono- or di- substituted carbamoyl groups. The mono- and 
di- substituted carbamoyl groups include mono- and di-C, - t alky .carbamoyl " 7* y ^T^ 

ethylcarbamoyl, propylcarbamoyl. bulylcarbamoyl. dimethylcarbamoyl. d.othylcarbamoyl. and d.propy car 
bamoyl, mono- and di-C 3 - S -a,kenyl- and a.kynylcarbamoy. such as ally.carbamoyl, 3*^^^ 
pentenylcarbamoyl. and diallylcarbamoyl. mono- and di-aromatic group carbamoyl such as phenylcar 
bamoyl, naphthylcarbamoyl, and diphenylcarbamoyl. -w^Hifnnvi *,,ch as 

Sulfonic acyl groups include inorganic sulfonyl such as sod.umsulfonyl. C, -.alky sul ony such as 
methylsulfonyl, ethylsulfonyl, propylsulfonyl. and butylsulfonyl, C 2 - 6 alkenyl- or alk ynylsulfonyl sucl s 
allylsulfonyl, and 2-methyl-2-propene S ulfonyl, and aromatic suifonyl such as phenylsulfcny.. p-methyl- 
phenylsulfonyl, and naphthalenesulfonyl. ei ,hctih.toH with 

Substituted oxyoarboxylic acyl groups include C, -ealkyloxycarbonyl wh.ch may be ~"ted w.th 
, halogen (e.g. chlorine, bromine, iodine), cyano. benzyloxy. phenoxy, diC, - 3 alkylam.no (e.g. d-methy Jm no 
diethylamino, dipropylamino), C,- 4 alkyloxy (e.g. methyloxy. ethyloxy. butyloxy, t-buty oxy) C - 3 alky t o 
(e.g. methylthio, ethyl.hio, propylthio), 4-(3-nitrophenyl)-2,6-dimethyl-3-methoxycarbonyl- 1 ^^hydropyndm- 
5-ylcarbonylamino or dihydropyridylcarbonylamino (methyloxycarbonyl. elhyloxycarbonyl n-propy oxycar- 
bc S. Tpropyioxycarbonyl, n butyloxycarbonyl. sec-butyloxycarbonyl. ,-butyloxycarbony., n-hexy oxycar- 
5 bonyl. 2-fluoroethy.oxyca.bonyl. 2-chloroethy.oxycarbonyl. 2,2.2-trichloroethyloxycarbonyl, and 3-mc ,thy ■ ■ 4- 
dihydropyridin-t-ylcarbonylaminomethyloxycarbonyl). Ca-scycloalky.oxycarbonyl (wh.ch may be substrtut- 
ed for example/with halogen such as chlorine, bromine, and iodine) such as cyclopen yloxycarbonyl, and 
yc,ohexy,ox carbonyl. cVacycloalkyl-C, -.alkyloxycarbonyl such as ^^f^j^* 0 ^ 
cUalkenyl- or alkynyloxycarbonyl such as allyloxycarbonyl, crctyloxycarbonyl and Z-P**™??^™ 
o bony., aromatic or aromaLaliphatic oxycarbonyl (which may be substituted, or e^' 6 ' "'^f 9 ^ 
such as chlorine, bromine and iodine, or nitro) such as phenyloxycarbonyl. benzyloxycarbonyl, and 

phenethyloxycarbonyl. and quinuclidinyl. f „, m „i,. dr» rwherein R* 

Lower alkoxy groups represented by X' include those represented by tho formula. -OR , [w he reir R 
represents an alkyl group having 1 to 6 carbon atoms (e.g. methyl, ethyl, propyl, .-propyl, butyl, tert-butyl. 

5 ^^Esterified carboxyl groups represented by include those represented by the formula: -CO-OR* - 
[where n represents a hydrocarbon residue which may be substituted], and the -hydrocarbon res.duos 
Sch may be substituted" represented by R* Include the groups described above as "the hydrocarbon 
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residues which may be substituted" represented by R\ R 2 , R 3 , or X 1 . 

Amide-forming carboxyl groups represented by X 2 include those represented by the formula: 

R 5 

- C O - N / 

wherein R e is a hydrogen atom or a hydrocarbon residue which may be substituted, and R 7 is a hydrogen 
atom or a lower alkyl group. In the formula described above, the "hydrocarbon residues which may be 
substituted" represented by R 6 include the "hydrocarbon residues which may be substituted" represented 
by R\ R 2 , R 3 , R 5 , or X\ described above, and the lower alkyl groups represented by R 7 include alkyl 
groups having 1 to 6 carbon atoms each {e.g. methyl, ethyl, n-propyl, i- propyl, n-butyl, i-butyl, tert-butyl, n- 
pentyl, n-hexyi). In the formula described above, R e and R 7 may constitute a cyclic amino group together 
with the adjacent nitrogen atom, and the cyclic amino groups formed by R G , R 7 , and the adjacent nitrogen 
atom include nitrogen-containing 5- to 7-membered heterocyclic groups, such as the groups represented by 
the formula: 

N 0 

V 



those represented by the formula: 



and those represented by the formula: 
I 



In these formula, s represents 0, 1, or 2, t represents 1, or 2, and R 8 represents a substttuent which the 
cyclic amino group formed by the R 6 , and R 7 may have, or a hydrogen atom; the substituents include alkyl 
groups having 1 to 3 carbon atoms each (e.g. methyl, ethyl, propyl), oxo, hydroxy, phenyl, benzyl, and 
amino groups. 



The groups represented by the formula: 



I? 9 0 
H-C-C- 



as X 1 when X 1 represents an acyl group, and the groups represented by the formula: 

R° 

R 1 '0-C- C- N1I- 
I I 
0 fi 10 
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as the substituted amino groups when X 2 represents an amide-forming carboxyi group, represent the 
residues of amino acid derivatives, where the amino acids are not specified. The amino acids may be of D- 
form or L-form. R 9 , R 10 , and R 11 are the same or different, each representing a hydrogen atom or a lower 
alkyl group which may be substituted. R 9 and R 10 may bind to each other to form a lower aikylene chain 
represented by the formula: -(CH 2 ) m - (wherein m represents an integer of 2 to 4), and ® represents a 
hydrogen atom, lower alkyl group, or acyl group. 

The residues of amino acid derivatives described above include those of derivatives of amino acids 
such as glycine, alanine, glutamic acid, leucine, isoleucine. phenylalanine, aspartic acid, cysteine, sarcosine, 
glutamine, asparagine, and proline. 

When the compound of the general formula (I) has an asymmetric carbon atom, the compound may be 
of D-, L- or DL-forrn, being unaffected by the- asymmetry of the group represented by X 1 or X 2 . 

Among the compounds represented by the formula (t) described above, those excellent in chemical 
stability are desirable, and R 1 and R 2 may be any group that has a steric effect contributing to stabilization 
of -SNO group, being desirably a C,- 6 alkyl group such as methyl, ethyl, or propyl, phenyl, or naphthyl; 
when R 1 and R 2 are bound to each other, the group formed by R 1 and R 2 together with the carbon atoms to 
which the groups are bound is desirably cyclopentyl or cyclohexyl. 

R 3 is desirably a hydrogen atom, or a C & - 10 aromatic acyl group such as benzoyl, naphthoyl, or 
phenylacetyl. X 1 is desirably a hydrogen atom or an amino acid residue, and the amino acid is desirably 
glycine, aspartic acid, phenylalanine, asparagine, glutamic acid, or glutamine. X 2 is desirably carboxyi, 
carbonylamino, or carboxyi forming an amide with an amino acid residue, and the amino acid is desirably 
glycine, asparagine, glutamine, aspartic acid, glutamic acid, or phenylalanine. 

Among the compounds represented by the formula (I) described above, are desirable those wherein 
each of R 1 and R 2 represents Ci- 6 aikyl group, phenyl, or naphthyl, or R 1 and R 2 form cyclopentyl or 
cyclohexyl together with the carbon atoms to which R 1 and R 2 are bound. R 3 is a hydrogen atom or a C s -io 
aromatic acyl group, X 1 is a hydrogen atom or an amino acid residue of which amino acid is selected from 
the group consisting of glycine, aspartic acid, phenylalanine, asparagine, glutamic acid, and glutamine, X 2 is 
a carboxyi group, carbonylamino or a carboxyi group forming an amide with an amino acid residue of which 
amino acid is selected from the group consisting of glycine, aspartic acid, asparagine, glutamic acid, 
glutamine, and phenylalanine. 

When the compound (I) of this invention is basic, the compound may form an acid adduct, especially a 
physiologically acceptable acid adduct; such adducts are exemplified by salts with inorganic acids (e.g. 
hydrochloric acid, nitric acid, phosphoric acid, hydrobromic acid), and salts with organic acids (e.g. acetic 
acid, propionic acid, fumaric acid, maleic acid, tartaric acid, citric acid, malic acid, oxalic acid, benzoic acid, 
methanesulfonic acid, benzenesulfonic acid). 

The compounds of the general formula (I) can be produced by nitrosation of the compounds 
represented by the general formula (II). 



R 3 

l R 1 

X'-N, 1 

;CH- C-SH 
X"' 1 
R 2 



( n ) 



45 wherein R\ R 2 , R 3 , X\ and X 2 mean the same as described above. 

Reagents generally used for the nitrosation of the compound (II) include nitrogen monoxide, nitrogen 
dioxide, dinitrogen tetraoxide, nitrosyl chloride, nitrous acid, and ethyl nitrite, but the reagents are not 
limited to these, and any reagent that can usually be used for nitrosation may be used. 

The reaction may be conducted without any solvent or in a solvent. Any solvent may be used as far as 

so it does not inhibit nitrosation, including water, alcohols (e.g. methanol, elhanol, propanol, butanol, tert- 
butanol), petroleum-composing solvents (e.g. n-hexane, n-pentane, n-heptane), aromatic solvents (e.g. 
benzene, toluene, pyridine), ethers (e.g. ethyl ether, tetrahydrofuran, dioxane, isopropyt ether), amides (e.g. 
N.N-dimethylformamide, N,N-dimethylacetamide), esters (e.g. methyl acetate, ethyl acetate, butyl acetate), 
haiogenated hydrocarbons (e.g. dichloromethane, chloroform, dichloroethane, carbon tetrachloride), and 

55 dimethyl sulfoxide. 

The reaction can be conducted at -30 * C to 150 " C, but is desirably conducted at a lower temperature (- 
5*C to 30* C). For one mole of the compound (II), desirably 1 to 5 moles of the nitrosating reagent are 
used. The reaction time varies depending on the properties of the compound (II) being generally 1 minute 



5 



EP 0 412 699 A2 



to 6 hours, desirably as short as 1 minute to 30 minutes. 

The compounds (II) can be produced according to the por se known method [Angewandte Chemie, 87 
372 (1975)], for example, by the procodures shown as the Reaction Formulas 1 to 4. 



R 1 



/CU-CHO-f S.Cfl, 



CK. 



V 



HCN 



R jXX S /N CH 3 



nce/iijO 



.pen — C — SH • HCfl 



iiooc 



R J 



CHO CHOjm 

^c-s-s-c^ 

H 2 S/NIU 
CH 3 , 



C = 0 



R^S^CIIs 



(n a ) 



wherein the symbols are the same as described above. 

Reaction Formula 1 * 
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wherein R' is a C^lower alkyl or benzyl, and other 
symbols are the same as described above. 
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Reaction Formula 2 



R'. ?" .OH „„ R\¥ yNII 



R' 

a >Cli-C-Sll ■ HCfi ( II a) 

HO0<r i , 
R' 

wherein the symbols are the same as described above. 

Reaction Formula 3 



Br 



Rl >C-CH0 pCH.SH ; «;>i 



■CHO 



Kit: 



S-Cll.-O ,, „ !j' 



hot r >> c - cu< -cn " ,,ooc ' R 



R ' 

"^CII-C-SH • HC2 ( Q a ) 

IIOOC I 
K 



wherein the symbols are the same as described above. 

Reaction Formula 4 

The compound (lla) or (lib) thus obtained is further subjected to N-acylation, N-alkylation, N-peptide 
formation, or esterification, alkylation, or peptide formation at the C terminal, to give the compound (II). 

R 3 

n 1 X ' — N s I 

I >CII-C-SH 

1 "iCH-C-SH • HCC > r 

HOOC I. K 

R 

cn a ) (Q> 



These reactions can be conducted according to the per se known method. 
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The compounds (I) of this invention act on the cardiovascular system of mammals, exerting excellent 
hypotensive action, anti-arrhythmic action, anti-anginal action, cardiotonic action, or coronary vasodilation. 

The compounds (I) of this invention are excellent in duration and strength of the cardiovascular action 
as compared with the known nitro compounds such as nitroglycerine and nitrites, having no or only very 

5 mild undesirable side effects in the cardiovascular, psychic-nervous, or digestive system, such as dizziness, 
palpation, discomfort in the chest, arrhythmia, headache, fatigue, nausea, and vomiting. The compounds are 
remarkably effective after oral, parenteral, or percutaneous administration. Therefore the compounds are 
useful as therapeutics or prophylactics for various cardiovascular disorders in mammals including humans. 
Among the compounds (I) of this invention, those that dilate selectively the coronary vessels are useful as 

w the prophylactics and therapeutics for angina pectoris. 

The diseases for which the compounds (I) of this invention are useful include angina pectoris, 
myocardial infarction, cardiac asthma, achalasia (temporary remission), coronary sclerosis (chronic ischemic 
heart disease, asymptomatic ischemic heart disease, arteriosclerotic heart disease), maintaining hypoten- 
sive state during operation, emergency treatment of abnormal hypertension during operation, acute heart 

75 failure, essential hypertension, and renal hypertension; the compounds can be used for prevention and 
treatment of these diseases. 

The compounds of this invention as such or a stabilized conjugate thereof with cyclodextrin, etc. can be 
administered to mammals including human orally or parenterally in various forms such as tablets, granules, 
capsules, injections, suppositories, percutaneous preparations, buccal preparations (sublingual tablets), 

20 ointments, and cataplasms. The dose varies depending on the type of the disease to be treated and the 
symptom, the daily dose being generally 0.1 mg to 500 mg, desirably 1 mg to 30 mg for oral administration 
to an adult human. 

In this specification, amino acids, protective groups, and others are sometimes shown by conventionally 
used abbreviations based on the 1UPAC-IUB Commission on Biological Nomenclature. The abbreviations 
25 used are listed in the following. 
Ac: acetyl 

Boc: t-butoxycarbonyl 

OBzl: benzylester ( 
WSC: 1-ethyl-3-(3-dimethyIaminopropyl)carbodiimide 
30 HOBt: 1-hydroxy-benzotriazole 
Tit: trityl 

Pen: penicillamine 

Gly: glycine 

Aia: alanine 
35 Val: valine 

Leu: leucine 

Pro: proline 

Phe: phenylalanine 

Tyr: tyrosine 
40 Glu: glutamic acid 

Asp: aspartic acid 

The side chains of amino acid residues are represented as follows: 
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25 



50 



I 1 

CMe, : H- Pen- OH 

I 

H ? K-CH-C00H 



X : H-Tyr-OH 

CH-, 

I 

H.N-CH-COOH 



0 - 

1 ! 

Cll, : H-Ser-OH 

I 

H 2 N - CH-COOH 

H- Phe-OH 

CH 2 
I 

H a N-CH-COOH 



EXAMPLES 

The following Reference Examples, Working Examples, Preparation Examples, and Experimental 
Examples explain this invention in more detail, but should not limit this invention. 

Reference Example 1 (Synthesis of the Compound A-1) 

To the solution of S-trityl-L-penicillamine (69.5 g) and di-t-butyldicarbonate (46.5 g) in dichloromethane 
(1500 ml), was added triethylamine (20.2 ml) at 0*C, and the mixture was stirred at room temperature for 5 
hours. To the reaction mixture were added ice and an aqueous solution of potassium hydrogensulfate. The 
organic layer was washed with an aqueous solution of potassium hydrogensulfate, water, and saturated 
saline, in this order, and dried over magnesium sulfate. The solvent was evaporated off under reduced 
pressure, to give N-t-butoxycarbonyl-S-trityl-L-penicillamine (87.0 g). 

In the same way the Compound A-2 listed in Table 1 described below was synthesized. 

Reference Example 2 (Synthesis of the Compound B-1) 

To the solution of N-t-butoxycarbonyl-S-trityl-D-penicillamine (A-2) (6.0 g) in dimethylformamide (40 ml), 
were added methyl iodide (1 .5 ml) and potassium hydrogencarbonate (2.4 g), and the mixture was stirred 
for 14 hours. To the reaction mixture was added ice-water, and the mixture was extracted with ethyl acetate. 
The organic layer was washed with water and then with saturated saline, and dried over magnesium sulfate. 
The solvent was evaporated off under reduced pressure, to give N-t-butoxycarbonyl-S-trityl-D-penicillamine 
methyl ester (6.0 g). 
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Reference Example 3 (Synthesis of the Compound B-2) 

To the solution of N-t-butoxycarbonyl-S-trityl-L-penicillamine (A-1) (4.0 g) and 1 -hydroxy-benzotriazole 
(abbreviated as HOBt) (1.2 g) in chloroform (40 ml) and tetrahydrofuran (16 ml), was added dropwise by 

5 ice-cooling the solution of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (water-soluble carbodiimide: ab- 
breviated as WSC) (1.7 g) in chloroform (10 ml). The mixture was stirred at the same temperature for 1 
hour, to which glycine ethyl ester hydrochloride (1.1 g) and triethylamine (0.85 ml) were added, and the 
mixture was stirred at room temperature for 12 hours. After addition of water, the organic layer was washed 
with an aqueous solution of potassium hydrogensulfate, water, an aqueous solution of sodium hydrogencar- 

w bonate, water and saturated saline, in this order, and dried over magnesium sulfate. The solvent was 
evaporated off under reduced pressure, and the residue was subjected to column chromatography, to give 
N-t-butoxycarbonyl-S-trityl-L-peniciNamylglycine ethyl ester (4.5 g). 

In the same way the Compounds B-3 to B-22 and D-30 listed in Table 1 described below were 
synthesized. 

75 

Reference Example 4 (Synthesis of the Compound C-2) 

To the solution of N-t-butoxycarbonyl-S-trityl-L-penicillamylglycine ethyl ester (B-2) (4.5 g) and 2.6- 
20 lutidine (2.8 ml) in dichloromethane (100 ml), was added dropwise at o'C the solution of trimethylsilyl 
trifluoromethanesulfonate (3.9 ml), and the mixture was stirred for 1 hour while the temperature was 
gradually returned to room temperature. To the reaction mixture was added ice-water, and the organic layer 
was washed with 1 N-hydrochloric acid, water, an aqueous solution of sodium hydrogencarbonate, water, 
and saturated saline, in this order, and dried over magnesium sulfate. The solvent was evaporated off under 
25 reduced pressure, to give S-trityl-L-penicillamylglycine ethyl ester (3.8 g) 

In the same way the Compounds C-1 , and C-3 to C-22 listed in Table 1 described below were 
synthesized. 

30 Reference Example 5(Synthesis of the Compound D-3) 

To the solution of S-trityl-L-penicillamytglycine ethyl ester (C-2) (3.7 g) in dichloromethane (50 mi) were 
added acetyl chloride (0.66 ml) and triethylamine (0.88 ml) at o'C. The mixture was stirred at the same 
temperature for 15 minutes and then ice water was added. The organic layer was washed with an aqueous 
35 potassium hydrogensulfate solution, water, an aqueous sodium hydrogencarbonate solution, water and 
saturated saline, in this order, and dried over magnesium sulfate. The solvent was evaporated off under 
reduced pressure, and the residue was subjected to silica gel column chromatography, to give N-acetyl-S- 
trityl-L-penicillamylglycine ethyl ester (3.5 g). 

40 

Reference Example 6 (Synthesis of the Compound D-4) 

To the solution of S-trityl-L-penicillamytglycine ethyl ester (C-2) (5.4 g) and N-t-butoxycarbonyl-L- 
glutamic acid-a-benzyl ester (3.8 g) in chloroform (100 ml) was added WSC (2.4 g) at 0" C. and the mixture 

45 was stirred at room temperature for 3 hours. To the reaction mixture was added ice water. The organic layer 
was washed with an aqueous potassium hydrogensulfate solution, water, aqueous sodium hydrogencar- 
bonate solution, water and saturated saline, in this order, and dried over magnesium sulfate. The solvent 
was evaporated off under reduced pressure, and the residue was subjected to column chromatography, to 
give (4S)-4-t-butoxycarbonylamino-4-benzyloxycarbony1butyryl-S-trityl-L-penicillamytglycine ethyl ester (8.4 

so g). 

In the same way the Compounds D-1 , D-2, D-5 to D-27 and D-29 listed in Table 1 described below 
were synthesized. 

55 Reference Example 7 (Synthesis of the Compound E-5) 

To the solution of (4S)-4-t-butoxycarbonyIamino-4-benzyloxycarbonylbutyryl-S-trityl-L-penicillamyl- 
glycine ethyl ester (D-4) (8.4 g) in tetrahydrofuran (150 ml) was added iN-sodium hydroxide (25.3 ml) and 
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the mixture was stirred at room temperature for 2 hours. Tetrahydrofuran was evaporated off under reduced 
esTS and the Sueous .ayer L washed twice with diethyl ether, to 

synthesized. 



Reference Example 8 (Synthesis of the Compound F-5) 

The solution of tN- 7 -(N-t-butoxycarbonyl)-L-glut a myl-S-trityl-L-penicillamyl]glycine (E-5) (3.0 g) in chlo- 

roform (60 rnHat bubbled with hydrogen chloride gas at 0* C (or 30 ^ dSvf e^ ZTj^l 

added diethyl ether, and the crystals wore collected by filtration and washed with d.e hyl ether. T e crystals 
were dried under reduced pressure, to give (N- 7 -L-glutamyl-L-penicillamyl)glyc,ne hydrochlor.de (17 g). 

"n the same way the Compounds F-1 to F-4, and F-6 to F-32 listed in Table 1 descnbed below were 
synthesized. 



Roferenco Example 9 (Synthesis of the Compound B-23) 

To the solution of N-t-butoxycarbony.-S-trityl-L-penlcillamine (A-1)(4.0g) and HOBt (1 ,2g) Mr 'chloroform 
(40ml) and tetrahydrofuran (15ml). was added dropwise under ice-cooling the solution of WSC (1.7g) in 
chloroform (10mt) The mixture was stirred at the same temperature for 1 hour, to which water was added 
andTe organic ayer was washed with an aqueous solution of potassium hydrogensulfate, water an 
aqueous solution of sodium hydrogencarbonate, water and saturated saline ,n this order and dr,ed over 
magnesium sulfate. The solvent was evaporated off under reduced pressure, to give HOBt ester. 

To the solution of p-sulfophenylalanine (2.0g) in water (40ml). sodium WroQenc^WW ™* 
added To this solution, the solution of the HOBt ester synthesized as described above ,n d.oxane. (40ml) 
was added, followed by addition of tetrabuty.ammonium hydrogensulfate (3 3g) and the mixture was s U red 
at room temperature for 1 hour. The solvent was evaporated off under reduced V° s ™°™«*°™1»° 
was extracted with chloroform. The organic layer was washed with an aqueous solu on ol < potas s,um 
hydrogensulfate, water and saturated saline, in this order, and dried over magnesium sulfate. The se ven 
was evaporated off under reduced pressure, to give tetrabutylammon,um N-t-butoxycarbonyl-S-tntyl-L 
penicillamyl-P-sulfophenylalanine (7.5g). 

In the same way the Compound D-28 listed in Table 1 described below was synthesized. 



Reference Example 10 (Synthesis of the Compound C-23) 

To the solution of tetrabutylammonium N-t-butoxycarbonyl-S-trityl-L^ 
(B-23)(7.5g) and 2.6-lutidine (3.8ml) in dichloromethane (100ml). was added dropw.se at 0 C the solut on 
of trimethysyly. trifluoromethanesulfonate (5.5ml). and the mixture was stirred for 1 hour while the 
tempore was gradually returned to room temperature. The so.vent was evaporated off ""^er reduced 
pressure and the residue was washed with diethyl ether and acetone. ,n th.s order, to g.ve S-tr.tyl-L- 
penicillamyl-p-sulfophenylalanine (3.1 g). 

Table 1 shows the structure, physical properties, and NMR data of the Compounds A-1 to T-32 

synthesized in the Reference Examples. 
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Working Example 1 (Synthesis of the Compound 8) 

To the solution of (N- 7 -L-giutamyl-D-penicillamyl)glycine hydrochloride (F-5) (0.3 g) in 1 N-hydrochtoric 
acid (0.81 ml) and methanol (1.6 ml), was added dropwise at room temperature the solution of sodium 
nitrite (0.11 g) in water (0.5 ml). After stirring at room temperature for 30 minutes, methanol was evaporated 
off under reduced pressure, and the solid precipitated by addition of acetone to the residue which was 
washed with acetone, to give (N- 7 -L-glutamyl-S-nitroso-D-penicillarnyl)g!ycine (0.19 g). 



Working Example 2 (Synthesis of the Compound 7) 

To the solution of (N- 7 -L-giutamyi-D-peniciiiamyi)giycine hydrochloride (0.5 g) in methanol (5 ml), was 
added at 0*C the solution of ethyl nitrite in ethanol (10%) (1.1 ml). At the same temperature a drop of 4N- 
hydrochloric acid-methanol solution was added, and the mixture was stirred for 30 minutes. The solvent was 
evaporated off under reduced pressure, and the resultant crystals were washed with diethyl ether, to give 
(N- 7 -L-glutamyl-S-nitroso-L-penicillamyl)glycine hydrochloride (0.5 g). 

In the same way, the Compounds 1 to 6, 9 to 1 1 , and 13 to 34 listed in Table 2 shown below were 
synthesized. 

Working Example 3 (Synthesis of the Compound 12) 

To the solution of (N-/3-L-aspartyl-D-penicillamyl)gIycine hydrochloride (0.2 g) in 1 N-hydrochloric acid 
(0.56 ml) and water (1.0 ml), was added dropwise at room temperature the solution of sodium nitrite (0.077 
g) in water (0.5 ml). The reaction mixture was stirred at room temperature for 30 minutes, loaded onto an 
LH-20 column, and eluted with water. The fractions containing the desired product were freeze-dtied, to 
give (N-£-L-asparagyl-S-nitroso-D-peniciliamyl)glycine (0.2 g). 

Table 2 shows the structure, physical properties, and NMR data of the Compounds 1 to 34 obtained in 
the Working Examples. 



50 



EP 0 412 699 A2 



CO 

CO 



CO 
CO 



I o 
i o 
CO 



CO 
OJ 



lO 

CO 



CD 
OJ 
Cv3 



LO 
CO 



CO 1 O CO 

co r — co 
tr— CO cO 



i r j 

co 



l JO LO 
D — CO 
CO CO 



CQ 



O 

a. 



rd 

rd 

O 0 

CD r3 

O O 



to 
U 

QJ 

o 



o 

CM 

Q 
•H 



' 

(D O 
rd 

r— I 

OJ X 



(U 

rd -P 
U M 

ai a, 
>, o 





CM 


G 




o 










g 


rd 






a. 






tn 






o 






a 




o 




a 


X 



CO 
OJ 



CO 
CO 

00 

cd 



LO 
1 

OJ 



CO 



CO 

CO 



I o 

CD 



OJ 



to 

CT) 

CO 



en 

CD 



CO 
CM 



OJ 

t 

cd 

co 
CO 

CO 



co cr> 



CO 

oo 



CO 



CO 



o 



a. 

o 
u 

CU 
n3 

CO 

I 



CO 



co 







OJ 






CD 




OJ 




CO 




CO 








- — i 














OJ 


CVJ 



CO 



CO 

m 



l 

o 



OJ 
CO 



en 
co* 



C_J> 



us 

o 



CO 

a 
o 

a, 
u 
o 
e 

rd 



e 
o 

U 
QJ 



CO 

CJ) CO 



G 

O 
O. 

e 
o 
u 



51 



EP 0 412 699 A2 



t o 


1 o 




I o 


CO 




CO 


" * 




■ 4 


" 1 




cd 


l o 




-^r 


■ — 1 






OO 










cz> 


t o 


lO 


l o 




CO 


OO 


co 


co 


oo 

1 






o 


cd 


i o 


cd 


CM 


CO 




lO 


cd 


CO 




. — 1 



OO 
CO 



CO 

CO 



CO 



co 

CO 



CO 

r 



CO 
CO 



tn 

o 

a, 

o 
E 



o 



•H 

c 
o 
u 









CD 




1 o 


I O 


f — 


CO 


CO 


CO 


CO 


■ — * 


— < 




CO 


OO 


I o 


CO 


CO 


CO 


c 


CO 


CD 






, — i 


CD 


i CD 


CD 


I o 


< 


CO 








cvi 

1 






CD 


I o 


lO 


CD 


(M 




oo 


LO 


OO 


cO 


. 1 





"CT 
CO 



OO 
CO 



CO 

oo 



CO 
OO 



CD 
CO 



OO 



CO 



OO 

] 



SX3 
CO 



CO 

CO 



CO 

I 



CO 
CO 



CO 

to 



CJ> 

co 



a. 

o 
u 

(U 

CO 

co 



O 
CD 

i 







t! 


CO 




X 


. — t 




C3 


CD 


OO 




CD 


CO 






CO 




OO 






1 




CM 


CD 


CO 




CD 


co 






CO 




CO 







CD 

co 



CO 



CO 



CD 
CO 



I 

CO 

oo 



OJ 

co 



oo 
I 



CO 
CO 



oo 



oo 

LO 



OO 

o 



CO 

o 
x: 
a. 

o 
a 



O 



CD 


, 7 


1 o 


) O 


r-— 


CO 


CO 


CO 


CO 


, 1 


- — * 




co 


l o 




CO 


CO 


CO 


1 — 


CO 


CD 














CD 


I o 


OO 


CD 




CO 


OO 






OO 
1 






CD 


< o 


CD 


CD 


oo 


OO 


CO 


lO 


OO 


CO 







CO 
I o 



CO 
era 



CO 
CO 



CO 
CO 



CO 



oo 
t 



CO 
CO 



oo 
t o* 



oo 


<O^J 


















CO 




dui 


c- 




<o 




o 


-+ 


> 


u 




CO 




o 














1 




CM 


CO 






CD 











o 



o 

t 



52 



EP 0 412 699 A2 



0) 

p 
c: 

•H 
4J 

a 
o 
u 



CM 

a) 

r— t 

JQ 





CO 


co 


CO 


CN 


CO 


CO 




i O 




CO 


CO 










co 


to 


CZ5 


C3 


to 


CO 


co 




CO 


CM 


c — 





co 


CO 




co 






(NI 


CO 




CM 






1 

CO 


t o 


lO 


co 


cr> 


CO 


CO 


CO 


CO 


CO 






o 
















CO 




o 






CO 





cr> 



CO 



CO 
CO 



CO 



CJ3 
CO 



or 

CO 



CO 



cn 





a. 




& 




o 




u 


1 o 


QJ 


eo 





or: 
O 



CO 

CO 



I o 



o 

lO 



I.O 
CO 
CO 



CO 



o 

(N 



do 

CO 



CO 
I 

CO 
CO 



CO 



txr- 



i o 

CXi 



CO ( 



CM 
LO 



or; 



a 
& 
o 
a 

QJ 



CO 



CO 

i o 

co 



CO 


CO 




CO 




II 


c — 


CO 


X 






aj 






f-: 


C3 


lO 




O 


CO 




CO 


CO 




CO 

t 






CO 


CD 




CO 


CO 




c— 


1 o 




CO 




no 



cn 

CD 



CO 
CO 



CO 



CO 

ID 

o 



t 

o 
1 

I 



CO 

CO 
CO 
CO 



CO 
CO 

I 

CO 

cn / — v 
or: 

co - — < 
Ori co 

CO 

10 

CO 

CO ^ — -x 

rx: 

CO CO 



CO 

o 
x: 
a. 

M 

o 

e 

03 



or: 
O 



CO 

to 
CO 



CO 
CO 



CO 
CO 



CO 
CO 



CO 
CO 



co 



or: 
co 



io 
co 
co 



^ — i 

CO 



to 

CO 

to 



on 

CO 



1 



CO 
CO 



on 

CO 



CO 

I 



CO 



or: 

CO 



or: 

CO 



6 
o 
u 



I 

lO 



O. 

CO 



O 
i 



53 



EP 0 412 699 A2 





e_z> 


I o 




- 

CO 




1 O 




CO 








CO 


CO 


CO 


CO 


OO 




























CO 


o 


I o 


LO 




1 o 


CO 


cn 


CO 






CO 


o— 


CO 


OO 




CO 


CO 










• — i 
















CO 


(O 


CO 


CO 




CO 


cz> 


( o 


1 o 


l o 


cn 


OO 


OJ 






oo 


CO 


■ — 1 


CvJ 

1 






CM 


- — < 




CO 


co 


co 


t 

o 


CO 


IO 


o 


OO 




co 


OO 






I O 




t — 


I o 




CO 






CO 




> — i 



CO 



CO 



OO 

oo 

^-^ CO 



I 



to 
to 

I 

cn 

CO 



CO 
CO 

I 

CO 
OO 















zrz 






CO 






' c- 
<P 


c_> 

OO 


com 


CM 




0) 


CM 








1 




cn 








CO 




c_> 







o 

I 

<X3 



C : 
--I 

4J 

n 
o 
u 



co 



CO 



cn 
co 



CO 



CO 
CO 



I 

CO 

co 



or: 

CO 



CO 
cn 



oo 



OO 

I 



CO 

Ov] 



CO 
OO 



I 

OO 



CO — ( 



CO 
CM 



cn 
CO* 



OO 



OO 









e 




o 


OO 


u 


oo 


0) 







I 

cx3 



CO 


CO 






i o 




t o 


CM 






OO 




CO 


CT<J 




CO 


OO 






. — 1 






_H 
















CO 


CO 




1 o 


CO 


1 o 


CO 


c— 




OO 


rr — 


CO 


o— 


CO 






CO 


CO 


























CO 


OO 


co 


CO 


CO 


CO 


1 o 


cn 


CO 


CO 


cn 


l o 


OO 


CO 


CO 


OO 


CO 




OO 






OO 






1 






1 






CO 


OO 


LO 


CO 


CO 


CO 


CO 


OO 




CO 


OO 




tr~~ 


1 o 




c 


i o 


OO 


CO 






CO 







CO 

cn 



ca 

CO 



CO 



OO 
CO 



I o 

CO 



CO 

cn 



oo 

CO 



co 



cn 

CO 



CO ^— v 

oo ^nj 

CO . OO 



CO 
LO 



CO 
OO 



co 
o 



a, 

H 
o 
a 



i 

OO 



CO 



cn 



cm 
co 



co 



OO 

cn 



CO 

( 

CO 



OO 

I 

cn 



CO 





CO 


1 o 










ac 




CO 


OO 










cn 


CO 


CO 


CO 


CO 





- — i OJ 

I 

CO 

oo 

v -~^ OO 



OO 
r- 
0> 



CO 
OO 



lo CO 
— OO 
C_J> — i 



a. 

e 
o 
o 
a) 



O 



o 
I 



o 
1 



I 

. — 3 

I 



54 



1 



EP 0 412 699 A2 



l o 

CO 
CO 



t 

CD 
LO 
CO 
CO 

-^r 

CO 



CO 
CO 



cd 



CD 
CO 



to i o 

CD CO 
LO CO 



CO 

en 

CO 

t 

CO 

CO 



DC 

CO 



lO 



CO 

I 



CO 



CO 
CO 



nc 

CO 



lO 
CO 



LO 
CO 



lO 



CO 

CO 



co 

CO 



cz> 

CO 
CO 

od 



DC 

CO 



CO lO 
CO OJ 
LO OJ 



CO 



CD 

CO 







CO 






co 


CTJ 




CO 






DC 




CO 


CO 


- — 1 






I 








LO 


oo 




PC 




CO 


dc 


CO 






CO 




CO 


CO* 



I 

CO 



I 

to 

lO 



t 

CO 



CO 

I 



f — j LO IO 

lO r— co 

cO CO CO 



CD I O 
CO CO 
L- — CO 



CD 
CD 
CO 
CO 

1 

CD 

o 

CO 
CO 

CO 



DC 

CO 



CO 
CO 



CO 
CO 



CD CD 
LO CO 



CO CD CD 
• — < CO t™— 
tO CO CO 



CO 



CO 

I 



CO 
CO 



DC 
CO 



CO 

I 



co -^r co 



l o 
i o 



CO CD 

CO to 















dc 






oo 






CO 




6 


o 




O 


-* 




O 




CO 


CD 


to 

IN 






DC 


1 




01 


c — 






CD 











CJ) 
DC 

OO 
c- 
O 



I o 

CO 



CD 
CO 



d=:~ 
o 
i 

o 



a. 

a 
o 
u 

CD 
n3 



'O 

(D 

a 

o 
u 



CD 
XI 
en 



C3 

I 



C_J> 
DC 

OO 
o 

o 

CD 

DC 



r — 
co 



a* 
e 
o 
u 

CD 
n3 



I 

cn CO 
— CO 
O <— « 

DC~~ 

o 
I 



o 
i 



o 

I 



55 



EP 0 412 699 A2 



- _ _ 













* 


. 


i o 


1 o 








cvj 


to 


E ■ 




lO 


r-— 


CO 


CO 


CO 




CO 


CO 
















o 


io 


t o 


er> 


CO 


CVl 


CO 


cn 


CO 




era 


CO 


t-^ 


CO 


CO 


c— 


CO 


co 




- — i 






















C=3 


1 o 


1 o 


CO 


co 


l o 


CO 


lO 


CO 


t O 


i o 


CVJ 


CJ 












CVJ 

1 






OJ 






cz> 


co 


CO 


1 

co 




CO 


cr> 


CO 


CO 


o 


cvj 


CO 


CO 


I o 


OJ 




i o 


CO 


CO 




- — 1 


CO 
















cO 


r — 













CO 
CO 



era 
CO* 



IO 



CT5 

CO 



voj 

CJ> 



CO 

CD 

o 



a, 

g 
o 
o 

QJ 

CO 

l o 

co 



o 



co 

o 
u 



CN 

a> 
( — i 

Eh 



CO 



co 
cn 



co 



co 



Cvj 

l 

co 

CO 
DO 



CO 














CO 

















co 



cvj 
CO 



CO* 



t o 

CD 



l O 

CO 



Cvj 



Cvj 
CO 



t o 

Cvj 
CO 



t o 

CO 



CM 
CO 



cvj 



Cvj 

i 



i o 

co 



i o 

CO 



CO 
CO 



CO 
t — 
CO 



to 

OJ 
cvj 



I o 



CO 
0~i 



CO 

co 



cvj. 



CO 

crs 









CJ> 








GO 




LO 




CD 




-+ 


5 




o 


CO 


CO 


*s» 






1 


o 


CO 


CM 


Cvj 


CJ) 





e 
o 
u 

CD 
03 



CJ> 



CO 
CO 



CJ> 





CU 




e 


C_J> 


O 


CO 


u 


CO 


CU 







CO 



CVJ 

cr> 



co 

CVJ 

CO 

I 

Cvj 
CO 



CO 

cz> 



co 

Cvl 



CO 



co 

CO 



io 



co 



o 



v-*> 






CJ) 






^a, 






CO 




a, 






o 






-+ 


CO 


o 




cr> 


o 


m 


ez> 


CU 




I 




to 








CO 




CJ) 







o 
i 



co 

CVJ 



56 



EP 0 412 699 A2 



- 




CO 




to 




CO 








co 


CO 


CO 


t — 




to 






co 


CO 


co 


CM 


CO 


CSJ 


co 
I 




co 


CO 


eo 


CM 


c-— 


t o 


CO 





CO 
CM 



CO 
CO 



CM 
CO 



CO 
1/J 



CO 



CO 

I o 



CO 

I 



CO 



ens 

CO 



en 

CO 



OJ 

LTD 



o 



a, 
e 
o 
u 



I 

CD 



to 



CO 



CD CO 
co CO 
co ■ — < 



CO 

I o 



co 
CO 



CO 
co 



I 

to 

CO 



CO 



CO 



CO 



co 
co 



co 

CO 



co 
co 



CTi 



CO 

to 



1 o 


i 


OO 




CO 






CO 










— i 


c— 


CO 









o 



i o 
l 

CO 



a, 

£ 
o 
u 



c3 



LO 


LO 






CO 




CO 


CO 




« — ( 






CO 


CO 




CO 


r — 




c— 


CO 










CO 


CO 




CO 


CTi 




CO 


CO 




CO 

1 






CO 


CO 


LO 


CO 


CO 


CO 


t — 


lO 


CO 


CO 







"Co- 
co 



CO 



CO 



CO 



LO 



I 

to 



CO 

1 

CO 
CO 



CO 



CO 

I 

CO 



CO 
LO 



CO 
CO 











txz 








CO 




c- 




o 






£^ 




CO 


a) 


CO 


CM 






1 


«> 


CO 




CO 







o 
u 



I 



CD 



CO 
CO 



o 




o 


L_ i 


CD 




, — 3 
I 


1 


^r: 


1 




t o 


CO 


CO 



57 



EP 0 412 699 A2 



1 o 

CO 



<rz> co 
CO era 
t— - co 



CO 
CO 



CO) 
t-O 



CO 
CO 



LO 
CO 



CO 

CM 




I 

CO 
CO 



era 

CO 



co s--^ 

CO 



or: 
i o 



o 



urn 
co 



GO 
O 





a. 




e 




o 


I o 


u 


CO 


aj 


1 





o 

CO 



O 
0) 



I 



50 



'0 

0) 

-H 

-P 

a 
o 
u 



CM 



O 

CJ3 



CO 



t o 

CO 



CO 
CO 



CO CO 

CD CM 

CO CO 

CO i — I 



I 



CO 
CO 



CO 
CT5 



CO 
CO 



Da 

CO 



CO 



CO 



CO 



CO 



CO 












o 




e 


-+ 




o 




CO 


U 




CTi 


01 


CM 

La 


1 


10 



ID 
CO 



CO 
CO 
CO 
CO 

I 

CO 
CO 
CO 
CO 



I o 

CO 
CO 



CO 



in 

CO 
CO 



lO 
CO 



CO o 
co cn 
co • — « 



CO 
CO 



CO 

i o 



CO 
CO 



CO 
CO 



CO 



CO 



CO 



CO 
CO 



l 

an 



LO 



CO 



CO 

i o 



CO 
CO 



CO 
CD 



CO 



LO 
CO 
CO 



CO 



CO 
CO 



co -^r 
I 

co us 



CO 



EC 
CO 



CO 

co 



CO 
LO 



CO 






CO 




a, 


o 










0 




CO 


o 


D 


Ol 


CD 


tx: 


1 


X* 




cn 






co 











LC 

oo 

O 



a. 

e 

o 
u 
cu 



o 



o 
oo 



I 

o 



I 



o 



cn 
co 



58 



EP 0 412 699 A2 







iO 




CO 


CO 






I o 


i o 


CO 


CO 


c — 


CO 






cd 


CD 


cd 


CO 


CO 


CO 


CO 

i 




cd 


to 


CD 


* — i 


c— 





~cCT 
cn> 



- 

IO 


- 

CD 




- 
LO 


o 
















CO 






CD 


CO 




























LO 


CD 


CD 


C=> 


CD 




CO 


CO 


CO 




CX3 




c — - 




CO 


tr— 


CO 










— ( 


















cd 


LO 


LO 


O 


CD 


CD 


cd 


* — < 


CD 


CD 




CO 


04 




CD 


CO 




CO 


CO 


^ — 1 


^ — 1 


CM 






1 






1 






CD 


CD 


LO 


CD 


in 


CD 


CD 


CO 


CO 


LO 


CO 


CO 


t— 


LO 


CD 


C— 


LO 


. — ( 


CO 


i — < 




CO 







CO 
CO 



CO 

I 



CO 
CO 



CO 
CO 



CO 
CXJ 

CO 

I 

CO 



CD 
CD 



CO 
CN 



I 

IO 



CO 



CV) 



CO 



LO 

cr> 



CO 



cr> 
CO 



CO 

era 



I 



CO 



CO 

CTJ 



CO ^ — ^ 

co 



CN 
CO 



CO 

CO 



CO 



CO 



CO 
CO 



CO 
CM 



CO 

t 

CD 



CO 

t 



1 




1 


CO 




CD 


to 




LO 












C 




CO 














CO 



<=d cx> -^r 

CD . CO 
CO 

CO to 



ET3 CO en 

CO , — [ 

- — t > — < 

crj . co 

CO 



I 



CO 

o 

o 



co 

O — < 

CO 
CD 



O 

u 

CD 



O 

55 



CD 
O 



to 

O — i 



£ 
o 
o 

n3 



CO 
O 



CD 
CD 

1 

IO 
CO 



a, 

o 
u 

CD 



O 
CO- 



o 
c 

■H 

a 
o 
u 



cu 

H 



i 



O 
i 

:d" 



i 



I 



I 



CO 
CO 



59 



EP 0 412 699 A2 



CD 

i CO 
CO CO 



CO * * 
CO CO 



l.O t-O 

CO - — < 



CO 



cd - — I 

CVJ - < 

I 

CD CD 

cd OJ 

CO LO 



CO 



CO 
CO 



CO 
CT3 



i o cr> 



I 



CO 

s ' CO 

CO 



CvJ 
I 



CO 
CO 



T75~ 



CO 

co 



lO 

CD 
LO 



a* 

O 

u 

CD 

xi 



QJ 
O 

c 

-P 

c 
o 
u 



XX 



o 



CO 
CO 



l o 

lO 
CO 



CD 
CO 



CO 



to 
cm 



CO 

co 



CM 



r> CO 
co 



CO 

co 



6 
O 
O 

QJ 



O 
I 



10 

cd 



-P 
cd 



CO 



o 




CO 
































c 




















is 




P 








c 








CD 




<r 




> 




m 












o 








CD 








QJ 








XL 




I— t 




-P 




xs 




to 




c 




cd 




cd 




















"O 




CD 




1 








O 








co 






in 






t— 


(U 


Q 






XS 








• i-i 


bf] 




to 


L. 


C 






O 










to 




CO 










c 




x> 




o 


V . 




I 




X 


oj 








X; 






X? 


C 




x: 







CD 

V) > 
X — 
C +-J 
~ rj 
C OJ 

p- p, 
e co 

C QJ 

o p 



P P 

^ r j) 

CO 

en 

QJ 03 

s c 
p 

. - CD 
P 

* c 



60 



EP 0 412 699 A2 



Preparation Examples 

5 



Preparation Example 1 


(1) Compound 1 


2g 


(2) lactose 


196 g 


(3) corn starch 


50 g 


(4) magnesium stearate 


2g 



(1), (2) and 20 g of corn starch were mixed and granulated together with a paste made from 15 g of 
corn starch, to which 15 g of cornstarch and (4) were added. The mixture was compressed with a 
compress-tableting machine, to produce 2000 tablets of 3 mm in diameter containing 1 mg of (1) in each 
tablet. 



Preparation Example 2 


(1) Compound 2 


4g 


(2) lactose 


194g 


(3) corn starch 


40 g 


(4) magnesium stearate 


2g 



(1), (2) and 1 5 g of corn starch were mixed and granulated together with a paste made from 1 5 g of 
corn starch, to which 10 g of corn starch and (4) were added. The mixture was compressed with a 
compress-tableting machine, to produce 2000 tablets of 5 mm in diameter containing 2 mg of (1) in each 
tablet. 



Preparation Example 3 


(1) Compound 1 


100 


mg 


(2) Avicel (crystalline cellulose) 


300 


mg 


(3) lactose 


595 


mg 


(4) magnesium stearate 


5 


mg 



(1), (2), (3) and (4) described above were mixed thoroughly, and compressed directly with a compress- 
tableting machine, to produce 100 sublingual tablets (3 mm in diameter) containing 1 mg of (1) in each 
tablet. 

45 



Experimental Example 1 

In a 20 ml-tank (37* C, aerated with 95% 0 2 + 5% C0 2 , pH7.4), a specimen (pig left coronary 
descending artery (LAD), or rat aorta) was suspended. The specimen was allowed to contract by addition of 
PGF 2a (6 uM) for pig coronary artery or KCI (60 mM) or TEA (45 mM) + Ba (0.3 mM) for rat aorta, and 
then a test compound was added at a time or cumulatively; the relaxing effect of the compound on the 
constrictive tension was examined; tho Compounds 1 and 2 showed a powerful relaxing effect. 



Experiment Example 2 
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Relaxing effects on KC1 induced contraction in isolated rat aorta 

Ring preparations of rat thoracic aorta were placed in 20m I organ baths containing Krebs-Hemseleit 
solution kept at 37* C, a pH of 7.4 and gassed with 95% C0 2 - 5% O2. After steady state contraction 
induced by 60mM KC1. vasorelaxing effects of test compounds (10~ 5 , 10~ 7 mol/l) were examined. The 
vasoreiaxing effects were expressed as % relaxation from the maximum contraction induced by 60mM KC1. 
The relaxing effects are shown in Table 3. 

Table 3 



Compound 


1CT 7 M 


Retension 


10~ 6 M 


Retension 






time/min 




time/min 


2 


18 


24 


62 


>30 


3 


19 


17 


50 


>30 


5 


16 


25 


47 


>30 


7 


11 


>30 


64 


>30 


11 


12 


20 


37 


>30 


13 


19 


>30 


85 


>30 


14 


11 


12 


74 


>30 


17 


20 


17 


66 


>30 


19 


19 


20 


58 


>30 


24 


26 


>30 


75 


>30 



Claims 

1. A compound of the formula; 



I R l 
X 1 - Ik I 

?C!I- C-SN0 
X" L 
R 



wherein R 1 and R 2 are independently a hydrogen atom or a hydrocarbon residue which may be substituted; 
R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; X 1 is a hydrogen 
atom, an acyl group, a lower alkoxy group or a hydrocarbon residue which may be substituted; X 2 is an acyl 
group or a carboxyl group which may be esterified or which may form an amide; with a proviso that when 
X 2 is a carboxyl group X 1 is not a hydrogen atom or acetyl group and that when both R 1 and R 2 are 
hydrogen atoms X 1 is not an acetyl group or 7-glutamyl group, or a salt thereof. 

2. A compound according to claim 1, wherein R 1 and R 2 are independently a hydrocarbon residue which 
may be substituted, or R 1 and R 2 may be bound to each other to form a ring of the formula: -{CH 2 ) n - 
wherein n is an integer of 2 to 6. 

3. A compound according to claim 1, wherein X 1 is an amino acid derived acyi. 

4. A compound according to claim 1, wherein R 1 and R 2 are independently a hydrocarbon residue which 
may be substituted; R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be 
substituted; X 1 is an amino acid derived acyi; X 2 is an acyl group or a carboxyl group which may be 
esterified or which may form an amide. 

5. A compound according to claim 1, wherein the hydrocarbon residue represented by R\ R 2 , R 3 or X 1 is a 
chain saturated, chain unsaturated, cyclic saturated or cyclic unsaturated hydrocarbon residue, each of 
which may be substituted by one to three groups selected from the class consisting of halogen atom, nitro, 
nitrile, hydroxyl, carboxyl, Ci alkoxy, C1-4. alkylthio, amino, mono- or di-Ci-4 alkyl amino, mono- or di- 
aralkylamino, mono- or di-pyridylamino, C1-4. alkoxycarbonyl, cyclo C3-S alkyicarbonyl, carbamoyl, mono- 
or di-Ci -+ alkylcarbamoyl, and phenyl, phenoxy, benzoyl, phenoxycarbonyl. phenyl C1-4 alkylcarbamoyl or 
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phenyicarbamoyl group, in which each of said phenyl group may be substituted by 1 to 4 groups selected 
from the class consisting of d alkyl, halogen atom, hydroxyl, benzyloxy, amino, mono- or di-Ci-4 
alkylamino. niro and Ci aikoxycarbonyl. 

6. A compound according to claim 1, wherein the acyl group represented by R 3 , X 1 or X 2 is a carboxylic, 
carbamic, sulfonic or oxycarboxylic acyl group, each of which may be substituted by one to three groups 
selected from the class consisting of halogen atom, nitro, nitrile. hydroxyl, carboxyl, Ci -* aikoxy, Ci -* 
alkylthio. amino, mono- or di-Ci alkyl amino, mono- or di-aralkylamino, mono- or di-pyridylcarbonylamino, 
d-s alkylcarbonyi, C , aikoxycarbonyl, cyclo C 3 -s alkylcarbonyl, carbamoyl, mono- or di-Ct -* alkyicar- 
bamoyl, and phenyl, phenoxy, benzoyl, phenoxycarbony!, phenyl C i alkylcarbamoyl or phenyicarbamoyl 
group, in which each of said phenyl may be substituted by 1 to 4 groups selected from the class consisting 
of Ci-4. alkyl, halogen atom, hydroxyl, benzyloxy, amino, mono- or di-Ci-* alkylamino nitro and Ci-* 
aikoxycarbonyl. 

7. A compound according to claim 1, wherein the lower aikoxy group is Ci-b aikoxy group. 

8. A compound according to claim 1, wherein the carboxyl group which may be esterified is carboxyl or a 
group of the formula: -CO-OR 5 

wherein R 5 is a hydrocarbon residue which may be substituted. 

9. A compound according to claim 1, wherein the carboxyl group which may form an amide is carboxyl or a 
group of the formula: 

/ R ° 

-co-n( 

V 7 



wherein R s is a hydrogen atom or a hydrocarbon residue which may be substituted, and R 7 is a hydrogen 
atom or a lower alkyl group or R s and R 7 may form a cyclic amino group together with the adjacent 
nitrogen atom. 

10. A compound according to Claim 1, wherein R 1 and R 2 are independently a chain saturated or cyclic 
unsaturated hydrocarbon residue, or R' and R 2 together with the adjacent carbon atom form cyclopentyl or 
cyciohexyl. ' 

11. A compound according to claim 1, wherein R 1 and R 2 are independently Ci- 5 aikyl group. 

12. A compound according to claim 1, wherein R 1 and R 2 are methyl. 

13. A compound according to claim 1, wherein R 3 is a hydrogen atom or an acyl group. 

14. A compound according to claim 13, wherein the acyl group is C,- 5 alkyl carbonyl or C 6 -io aryl 
carbonyi. 

15. A compound according to claim 1, wherein R 3 is a hydrogen atom. 

16. A compound according to claim 1, wherein X 1 is a hydrogen atom or an acyl group. 

17. A compound according to claim 16, wherein the acyl group is an amino acid derived acyl group. 

18. A compound according to claim 17, wherein the amino acid is glycine, alanine, glutamic acid, leucine, 
isoleucine, phenylalanine, aspartic acid, cysteine, sarcosine, glutamine, asparagine or proline. 

19. A compound according to claim 17, wherein the amino acid is glycine, aspartic acid, asparagine, 
glutamic acid, glutamine or phenylalanine. 

20. A compound according to claim 17, wherein the amino acid is glutamic acid or aspartic acid. 

21. A compound according to claim 1. wherein X 2 is a carboxyl group which may be esterified. 

22. A compound according to claim 1. wherein X 2 is a carboxyl or carbamic acyl group. 

23. A compound according to claim 22, wherein the carbamic acyl group is carbonyl amino or a carboxyl 
group forming an amide with an amino acid. 

24. A compound according to claim 23, wherein the amino acid is glycine, alanine, glutamic acid, leucine, 
isoleucine, phenylalanine, aspartic acid, cysteine, sarcosine, glutamine, asparagine or proline. 

25. A compound according to claim 23, wherein the amino acid is glycine, aspartic acid, asparagine, 
phenylalanine, glutamic acid or glutamine. 

26. A compound according to claim 1. wherein R 1 and R 2 are independently Ci-e alkyl, phenyl or naphthyl, 
or R 1 and R 2 form cyclopentyl or cyciohexyl together with the adjacent carbon atom; R 3 is a hydrogen atom 
or a Cg-io aromatic acyl group; X 1 is a hydrogen atom or an amino acid derived acyl group in which said 
amino acid is selected from the group consisting of glycine, aspartic acid, phenylalanine, asparagine, 
glutamic acid and glutamine; X 2 is a carboxyl group, carbonylamino or a carboxyl group forming an amide 
with an amino acid residue in which said amino acid is selected from the group consisting of glycine, 
aspartic acid, phenylalanine, asparagine, glutamic acid and glutamine. 
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27. A compound according lo claim 1, wherein the salt is a pharmaceutical^ acceptable salt. 

28. A compound according to claim 1, which is N-(N-L-y-GlutamyI-D-penicillamyl)glycine. 

29. A compound according to claim 1, which is N-(N-L-Y-GlutamyI-L-penicillamyl)-L-valine. 

30. A compound according to claim 1, which is N-(N-L-Y-Glutamyi-L-peniciilamyl)-L-phenylalanine. 

31. A compound according to claim 1, which is N-(N-L- 7 -Glutamyl-L-penicilIamyl)-L-glutamic acid. 

32. A compound according to claim 1, which is N-(N-L- 7 -Glutamyl-D-penicillamyl)diphenylmethyIamine. 

33. A pharmaceutical composition suitable for the therapy or prophylaxis of hypertension or angina pectoris 
which comprises (a) as the active ingredient, an effective amount of a compound according to claim 1 or a 
salt thereof and (b) a pharmaceutical^ acceptable carrier, excipient or diluent therefor. 

34. The use of a compound according to claim 1 or a salt thereof for the preparation of a medicine for the 
therapeutic treatment of a mammal. 

35. A method for producing a compound of the formula 

(I) : 

\l 3 



- C-SNO 
I 



wherein R 1 and R 2 are independently a hydrogen atom or a hydrocarbon residue which may be substituted; 
R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; X 1 is a hydrogen 
atom, an acyl group, a lower alkoxy group or a hydrocarbon residue which may be substituted; X 2 is an acyl 
group or a carboxyl group which may be esterified or which may form an amide; with a proviso that when 
X 2 is a carboxyl group X 1 is not a hydrogen atom or acetyl group and that when both R 1 and R 2 are 
hydrogen atoms X 1 is not acetyl group or ^-glutamyl group, or a salt thereof, which comprises. 

(a) subjecting a compound of the formula (II): 

I 

>CI1-C- Sli 
R 

wherein R\ R 2 , R 3 , X 1 and X 2 are the same as described above to the nitrosation reaction, and, if 
desired, 

(b) converting a product obtained by the above process (a) into a salt thereof. 
Claims for the following Contracting State: ES 

1. A method for producing a compound of the formula (I): 

i R l 

A "Sell -C-SNO 
X • 



wherein R 1 and R 2 are independently a hydrogen atom or a hydrocarbon residue which may be substituted; 
R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; X 1 is a hydrogen 
atom, an acyl group, a lower alkoxy group or a hydrocarbon residue which may be substituted; X 2 is an acyl 
group or a carboxyl group which may be esterified or which may form an amide; with a proviso that when 
X 2 is a carboxyl group X 1 is not a hydrogen atom or acetyl group and that when both R 1 and R 2 are 
hydrogen atoms X 1 is not acetyl group or -glutamyl group, or a salt thereof, which comprises, 
(a) subjecting a compound of the formula (II): 
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K 3 



X'-N 




5 



X 



C-SH 



wherein R 1 p R 2 , R 3 , X 1 and X 2 are the same as described above to the nitrosation reaction, and, if 
desired, 

;o (b) converting a product obtained by the above process (a) into a salt thereof. 

2. A method according to claim 1, wherein R 1 and R 2 are independently a hydrocarbon residue which may 
be substituted, or R 1 and R 2 may be bound to each other to form a ring of the formula: 

-{CH 2 ) n - wherein n is an integer of 2 to 6. 

3. A method according to claim 1, wherein X 1 is an amino acid derived acyl. 

75 4. A method according to claim 1, wherein R 1 and R 2 are independently a hydrocarbon residue which may 
be substituted; R 3 is a hydrogen atom, an acyl group or a hydrocarbon residue which may be substituted; 
X 1 is an amino acid derived acyl; X 2 is an acyl group or a carboxyl group which may be esterified or which 
may form an amide. 

5. A method according to claim 1, wherein the hydrocarbon residue represented by R\ R 2 , R 3 or X 1 is a 
20 chain saturated, chain unsaturated, cyclic saturated or cyclic unsaturated hydrocarbon residue, each of 

which may be substituted by one to three groups selected from the class consisting of halogen atom, nitro, 
nitrile, hydroxyl, carboxyl, C1-4 alkoxy, Ci-4 aikylthio, amino, mono- or di-Ci-* alkyi amino, mono-or di- 
aralkylamino, mono- or di-pyridylamino, Ci-i alkoxycarbonyl, cyclo C 3 -s alkylcarbonyl, carbamoyl, mono- 
or di-Ci alkylcarbamoyl, and phenyl, phenoxy, benzoyl, phenoxycarbonyl, phenyl Ci -4 alkylcarbamoyl or 
25 phenylcarbamoyl group, in which each of said phenyl group may be substituted by 1 to 4 groups selected 
from the class consisting of Ci-4 alkyl, halogen atom, hydroxyl, benzyloxy, amino, mono- or di-Ci-4 
alkylamino, niro and C1-4 alkoxycarbonyl. 

6. A method according to claim 1, wherein the acyl group represented by R 3 , X 1 or X 2 is a carboxylic, 
carbamic, sulfonic or oxycarboxylic acyl group, each of which may be substituted by one to three groups 

30 selected from the class consisting of halogen atom, nitro, nitrile, hydroxyl, carboxyl, Ci-* alkox^, Ci -4 
aikylthio, amino, mono- or di-d-* alkyl amino, mono- or di-aralkylamino, mono- or di-pyridylcarbonylamino, 
Ci- G alkylcarbonyl, Ci -4 alkoxycarbonyl, cyclo C 3 -g alkylcarbonyl, carbamoyl, mono- or di-Ci-+ alkylcar- 
bamoyl, and phenyl, phenoxy, benzoyl, phenoxycarbonyl, phenyl Ci-< alkylcarbamoyl or phenylcarbamoyl 
group, in which each of said phenyl groups may be substituted by 1 to 4 groups selected from the class 

35 consisting of Ci-* alkyl, halogen atom, hydroxyl, benzyloxy, amino, mono- or di-Ci- 4 alkylamino nitro and 
Ci-4 alkoxycarbonyl. 

7. A method according to claim 1, wherein the lower alkoxy group is Ci-g alkoyl group. 

8. A method according to claim 1, wherein the carboxyl group which may be esterified is carboxyl or a 
group of the formula: -CO-OR 5 

40 wherein R 5 is a hydrocarbon residue which may be substituted. 

9. A method according to claim 1, wherein the carboxyl group which may form an amide is carboxyl or a 
group of the formula: 



wherein R 5 is a hydrogen atom or a hydrocarbon residue which may be substituted, and R 7 is a hydrogen 
atom or a lower alkyl group or R 6 and R 7 may form a cyclic amino group together with the adjacent 
nitrogen atom. 

10. A method according to claim 1, wherein R 1 and R 2 are independently a chain saturated or cyclic 
unsaturated hydrocarbon residue, or R 1 and R 2 together with the adjacent carbon atom form cyclopentyl or 
cyclohexyl. 

11. A method according to claim 1, wherein R 1 and R 2 are independently Ci-g alkyl group. 

12. A method according to claim 1, wherein R 1 and R 2 are methyl. 

13. A method according to claim 1, wherein R 3 is a hydrogen atom or an acyl group. 



-CO-N 
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14. A method according to claim 13, wherein the acyl group is Ct-s alky I carbonyl or C1-10 aryl carbonyl. 

15. A method according to claim 1, wherein R 3 is a hydrogen atom. 

16. A method according to claim 1, wherein X 1 is a hydrogen atom or an acyl group. 

17. A method according to claim 16, wherein the acyl group is an amino acid derived acyl group. 

18. A method according to claim 17, wherein the amino acid is glycine, alanine, glutamic acid, leucine, 
isoleucine, phenylalanine, aspartic acid, cysteine, sarcosine, glutamine, asparagine or proline. 

19. A method according to claim 17, wherein the amino acid is glycine, aspartic acid, asparagine. glutamic 
acid, glutamine or phenylalanine. 

20. A method according to claim 17, wherein the amino acid is glutamic acid or aspartic acid. 

21. A method according to claim 1, wherein X 2 is a carboxyl group which may be esterified. 

22. A method according to claim 1, wherein X 2 is a carboxyl or carbamtc acyl group. 

23. A method according to claim 22, wherein the carbamic acyl group is carbonyl amino or a carboxyl 
group forming an amide with an amino acid. 

24. A method according to claim 23, wherein the amino acid is glycine, alanine, glutamic acid, leucine, 
isoleucine, phenylalanine, aspartic acid, cysteine, sarcosine, glutamine, asparagine or proline. 

25. A method according to claim 23, wherein the amino acid is glycine, aspartic acid, asparagine, 
pheylalanine, glutamic acid or glutamine. 

26. A method according to claim 1, wherein R 1 and R 2 are independently Ci- e alkyl, phenyl or naphthyl, or 
R 1 and R 2 form cyclopentyl or cyclohexyl together with the adjacent carbon atom; R 3 is a hydrogen atom or 
a Cs-io aromatic acyl group; X 1 is a hydrogen atom or an amino acid derived acyl group in which said 
amino acid is selected from the group consisting of glycine, aspartic acid, phenylalanine, asparagine. 
glutamic acid and giutamine; X 2 is a carboxyl group, carbonylamino or a carboxyl group forming an amide 
with an amino acid residue in which said amino acid is selected from the group consisting of glycine, 
aspartic acid, phenylalanine, asparagine, glutamic acid and glutamine. 

27. A method according to claim 1, wherein the salt is a pharmaceutical^ acceptable salt. 

28. A method according to claim 1, wherein said compound (I) is N-(N-L- 7 -Glutamyl-D-penicillamyl)glycine. 

29. A method according to claim 1, wherein said compound (I) is N-{N-L- 7 -GlutamyhL-penicillamyl)-L-valine. 

30. A method according to claim 1, wherein said compound (I) is N-(N-L- 7 -Glutamyl-L-penicillamyl)-L- 
phenylaianine. 

31. A method of a compound according to claim 1, wherein said compound (I) is N-(N-L- 7 -GIutamyl-L- 
penicillamyl)-L-giutamic acid. 

32. A method according to claim 1, wherein siad compound (I) is N-(N-L- 7 -Glutamyi-D-penicillamyl)- 
diphenylmethylamine. 

33. A pharmaceutical composition for use in preparation of a medicine suitable for the therapy or 
prophylaxis of hypertension or angina pectoris which comprises (a) as the active ingredient, an effective 
amount of a compound as defined in claim 1 or a salt thereof and (b) a pharmaceutical^ acceptable carrier, 
excipient or diluent therefor. 

34. The use of a compound as defined in claim 1 or a salt thereof for the preparation of a medicine for the 
therapeutic treatment of a mammal. 



66 



